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METHOD AND APPARATUS FOR
INCREASING NATURAL CONVECTION
EFFICIENCY IN LONG HEAT SINKS

BACKGROUND OF THE INVENTION

Heat sinks are used to cool electrical devices, such as
chups, diodes, and the like. Air, or some other fluid, tlows
over heat dissipation surfaces of the heat sink to cool the
heat sink, and thus the electrical device. The heat transfer 1s
mainly by way of convection.

Generally, natural convection 1s the cooling of a vertical
hot surface 1n a large quiescent body of air. Lower-density
air next to the vertical hot surface moves upward because of
the buoyant force of higher-density cooler air farther away
from the vertical surface. Movement of the air adjacent the
vertical surface increases 1n velocity from zero at the vertical
surface to a maximum velocity at a distance from the vertical
surface and then decreases back to a velocity of zero as
ambient surrounding conditions are reached. The tempera-
ture of the moving air decreases from the heated surface
temperature to the ambient air temperature. As the tempera-
ture of the moving air approaches the ambient, the velocity
at which the air moves approaches zero. No heat tlows, by
conduction or convection, where the velocity and tempera-
ture gradients equal zero, thus this outer edge 1s referred to
as the boundary layer.

Forced convection, where air 1s blown across a heated
surface, results 1n a maximum air velocity at the outer edge
of the boundary layer. The diflerence 1n the velocity profile
and the higher velocities provide more air near the heated
surface and very thin boundary layers. Natural convection
forces are present; however, the natural convection forces
are negligible.

Forced convection may remove more heat than natural
convection, but forced convection requires a device to move
the air. In small electronic packages or where 1t 1s desirable
to minimize the amount of energy expended to cool the
clectronic components, forced convection may be undesir-
able.

In free or natural convection, a tall heat sink tends to mix
air inadequately with the surroundings resulting in the local
ambient temperature around the heat sink to be hotter at the
top of the heat sink as compared to the bottom of the heat
sink, especially in laminar flow regimes. With reference to
FIG. 1, a long, tall vertically-oriented heat sink 10 creates
natural convection by heating the air around heat sink fins
12. This air then rises, creating an airflow that removes heat
from the heat sink 10. For the section near the top of the heat
sink, the local ambient air temperature 1s warmer than the air
entering at the bottom of the heat sink 10. Although the heat
sink 1s removing heat generated by electrical components 14
(FIG. 2) by natural convection, this local temperature rise
near the top of the heat sink can have adverse eflects on
cooling, thus resulting 1n adverse etlects on the electronic
components mounted near the top of the heat sink.

SUMMARY OF THE INVENTION

An electrical apparatus that i1s cooled via natural convec-
tion 1mcludes an electrical component, a vertical heat dissi-
pation surface i thermal communication with the electrical
component, and a diverter extending from the heat dissipa-
tion surtace. The diverter disrupts laminar vertical airflow
over the heat dissipation surface.

A method for cooling an electrical component using
natural convection comprises the following steps: attaching,
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2

an electrical component to a vertically oriented heat sink
having a heat dissipation surface, introducing power mto the
clectrical component such that the electrical component
heats the heat sink generating upward laminar flow wvia
natural convection over the heat dissipating surface, and
disrupting the upward laminar flow over the heat dissipating
surface.

A heat sink for an electrical component includes a heat
sink body and a diverter. The heat sink body 1s adapted to
have an associated electrical component mounted to the heat
sink body, and the diverter 1s 1n thermal communication with
the heat sink body. The diverter includes a first curved
surface shaped to direct airflow toward the heat sink body
and a second curved surface shaped to direct airtlow away

from the heat sink body.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a rear perspective view of a known heat sink 1n
thermal communication with an electrical component.

FIG. 2 1s a front perspective view of the heat sink of FIG.
1 showing the electrical components mounted to the heat
sink.

FIG. 3 1s a close-up schematic view of airflow over a {in
of the heat sink of FIG. 1.

FIG. 4 1s a rear perspective view of a heat sink including
a plurality of diverters.

FIG. 5 1s a side view of a heat dissipation surface of a heat
sink having diverters mounted on the surface.

FIGS. 6 A—6D are views of the diverter of FIG. 5.

FIG. TA-TF are some alternative embodiments of divert-
ers.

FIG. 8 1s a schematic view of a refrigerated compartment
having a heat sink.

FIG. 9 1s an upper perspective schematic view of a
diverter attached to a heat sink.

FIG. 10 1s a lower perspective schematic view of a
diverter attached to a heat sink, with the heat sink and an
clectrical component shown in phantom.

FIG. 11 1s a perspective view of a model of airflow
through the diverter of FIG. 9.

DETAILED DESCRIPTION

With reference to FIG. 4, a heat sink 20 for cooling
clectrical components, for example LEDs, (not shown but
similar to components 14 in FIG. 2) 1s provided. The heat
sink 20 generally includes a base 22 having a plurality of fins
24 extending from the base. Electrical components can
mount to the base on a mounting surface (not shown) that 1s
opposite the fins 24. Alternatively, the electrical components
can mount to other surfaces that are 1n thermal communi-
cation with a heat dissipation surface 26. In this embodi-
ment, the fins 24 along with the rear side of the base 22
provide the heat dissipation surface 26 over which air flows
to remove heat from the heat sink 20.

In this particular embodiment, a long, vertically oriented
heat sink 22 1s provided to generate upward laminar flow via
natural convection. Although not to be bound by theory,
computer modeling has indicated that a long heat sink, 1.e.
a heat sink where the vertical dimension 1s about ten times
the remaining two dimensions, 1s capable of generating
upward laminar airtlow via natural convection on the order
ol one meter per second when approprate heating 1s applied.
Nevertheless, not only are heat sinks where the vertical
dimension 1s ten times the remaining two dimensions con-
templated, shorter heat sinks, for example where the vertical
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dimension 1s about five times or even two times the remain-
ing two dimensions, may achieve adequate results.

A plurality of diverters 28 mount to the heat dissipation
surface 26 of the heat sink 20. The diverters 28 are vertically
spaced from one another. The diverters 28 can also be
horizontally spaced from one another. The mounting surface
26 can include designated mounting locations 32 where the
diverters 28 can attach to the heat dissipating surface 26. The
mounting locations 28 can include holes that receive fas-
teners, or can simply include a marked location. According,
to the embodiment having mounting locations, the diverters
28 can be selectively removable from the heat dissipating
surface 26.

With reference to FIG. 6, the diverters 28 are shown as
ramps. With reference to FIG. 3, the diverters 28 disrupt the
upward laminar flow of air across the heat dissipation
surface 26 resulting 1 turbulent awrflow adjacent the
diverter. The turbulent airflow reduces the overall tempera-
ture of the ambient air adjacent the heat sink by mixing in
cooler airflow located away from the heat sink. The diverter
28 can be shaped to create turbulent airtflow that escapes the
boundary layer of laminar flow generated by natural con-
vection. Accordingly, heat can be dissipated across the
laminar flow bounder layer and mixing the cooler surround-
ing air with the hotter air adjacent the heat dissipation
surface 26. The diverters can also disrupt generally upward
flow 1n the turbulent regime and the transitional regime. The
diverters disrupt all three kinds of flow moving air outside
of the boundary layer to promote heat transfer across the
boundary layer.

With reference to FIG. 7 alternative configurations of
diverters are shown. In some embodiments, the diverter
includes a curved upstream surface. In other embodiments,
the diverter comprises a thin plate like member. Although
many different configurations are disclosed in the figures,
the diverters can take any configuration that adequately
disrupts the vertical flow.

With reterence to FIG. 8, the heat sink 20 1s situated 1n a
refrigerated compartment 32. The heat sink 20 1s long and
narrow, similar to those described above, and typically
mounts to a mullion of the refrigerated compartment 32. The
refrigerated compartment 32 can include a refrigerator, a
freezer, or other compartment typically found in supermar-
kets, convenience stores and the like. Lights 36 are used to
illuminate the 1tem stored on the shelves 34. The heat sink
20 includes a heat dissipation surface 26 and diverters 28.
The diverters 28 can also be similar to any of those described
above.

With reference to FIGS. 9 and 10, another embodiment of
a diverter 40 1s shown. The diverter 40 attaches to and 1s 1n
thermal communication with a heat sink 42 that has an
clectrical component 44 (FIG. 10) mounted to the heat sink,
similar to the embodiments disclosed above. The diverter 40
of this embodiment exchanges relatively hot air with cool air
by moving outer cooler air toward the heat sink 42 and
moving inner hotter air away from the heat sink.

The diverter 40 1includes two generally parallel side walls
46 and 48 that are spaced from one another. The side walls
46, 48 extend away from and are generally perpendicular to
the heat sink 42. A top or outer wall 52 connects the side
walls 46 and 48 and 1s generally parallel to and spaced from
the surface of the heat sink 42 to which the diverter mounts.
The top wall 52 and side walls 46, 48 confine air as it moves
through the diverter 40.

The diverter 40 also includes an upper or outer wall
defining a first curved surface 354 that directs the flow of
cooler outer air towards the heat sink 42 and a lower or 1nner
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wall that defines a second curved surface 56 that directs the
flow of hotter mnner air away from the heat sink 42. In this
embodiment, the movement of air through the diverter 40
can be described as a 180 degree rotation, 1n that the cooler
outer air 1s directed to occupy the space that would have
been occupied by the hotter inner air and the hotter inner air
1s directed to occupy the space that would have been
occupied by the cooler outer air, had there been no diverter.

The exact shape of the curved walls 54 and 356 1s not
critical. The curved walls are shown as emanating at a
common line at a vertical midpoint between the heat sink 42
and the top wall 52 along the side walls 46 and 48 of the
diverter; however, the curved walls can emanate at any
location along the side walls. The curve of the curved walls
54 and 56 1s simply to encourage the mixing of hot and cold
air.

With reference to FIG. 11, airflow through the diverter
(which 1s not depicted in FIG. 11 for reasons of clarity) 1s
shown. As can be seen, outer air particles that are spaced
from the heat sink 42 move toward the heat sink and 1nner
air particles that are spaced adjacent the heat sink move
away Irom the heat sink. The airflow returns to laminar tlow
downstream from the diverter 40.

It has been found that an appropriately dimensioned heat
sink, when appropriate heating 1s applied, can generate
enough air velocity simply via natural convection to 1ncor-
porate the benefits of providing diverters on the heat sink so
that the need for fans, and the like, to promote airflow can
be obviated. The heat sink has been described with reference
to preferred embodiments; obviously alterations will occur
to others upon reading and understanding the detailed
description. The invention 1s not limited to only those
embodiments described in the preceding description; the
invention 1s only limited to the appended claims and the
equivalents thereof.

The mvention claimed 1s:

1. A reinigerated apparatus comprising:

a refrigerated compartment;

a heat sink disposed 1n the refrigerated compartment, the
heat sink imncluding a heat dissipation surface having a
vertical dimension greater than a horizontal dimension;

an LED mounted to and in thermal communication with

the heat sink; and

a diverter extending from the heat dissipation surface, the
diverter being positioned to disrupt vertical airtlow
over the heat dissipation surface and being shaped to
generate turbulent airtlow outside of a boundary layer
of vertical airtlow over the heat dissipation surface
generated by natural convection.

2. The apparatus of claim 1, wherein the vertical dimen-
s10m 1s at least about 10 times a first horizontal dimension of
the heat dissipation surface.

3. The apparatus of claim 2, wherein the vertical dimen-
s10n 15 at least about 10 times a second horizontal dimension
of the heat dissipation surface.

4. The apparatus of claim 1, wherein the diverter extends
substantially horizontally on the heat dissipation surface.

5. The apparatus of claim 1, wherein the diverter com-
prises a ramp.

6. The apparatus of claim 5, wherein the ramp comprises
a curved upstream suriace.

7. The apparatus of claim 1, whereimn the diverter com-
prises a thin planar member or a thin curved member.

8. The apparatus of claim 1, further comprising a plurality
of diverters extending from the heat dissipation surface.
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9. The apparatus of claim 1, wherein the heat dissipation
surface includes a plurality of designated diverter mounting
locations.
10. The apparatus of claim 9, wherein the diverter mount-
ing locations comprise openings in the heat dissipation
surface.
11. The apparatus of claam 9, wherein the diverter is
selectively removable from the diverter mounting location.
12. The apparatus of claim 1, further comprising a plu-
rality of long, vertical heat dissipation surfaces in thermal
communication with the LED, wherein at least some of the
heat dissipation surfaces have diverters extending therefrom.
13. A method for cooling an electrical component using
natural convection, the method comprising:
attaching an electrical component to a vertically oriented
heat sink 1including a heat dissipation surface having a
vertical dimension greater than a horizontal dimension;

introducing power into the electrical component such that
the electrical component heats the heat sink generating
upward laminar flow via natural convection over the
heat dissipating surface; and

absent forced convection, disrupting the upward laminar

flow over the heat dissipating surface to generate
turbulent airflow outside of a boundary layer of the
upward laminar flow.
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14. The method of claim 13, wherein the step of disrupt-
ing the upward laminar tlow further comprises passing air
through a diverter in thermal communication with the heat
sink and directing air that 1s spaced a predetermined distance
from the heat sink toward the heat sink and directing air that
1s adjacent the heat sink away from the heat sink.

15. A heat sink for an electrical component comprising:

a heat sink body adapted to have an associated electrical

component mounted to the heat sink body; and

a diverter 1n thermal communication with the heat sink

body, wherein the diverter includes a first curved sur-
face shaped to direct airflow toward the heat sink body
and a second curved surface shaped to direct airflow
away from the heat sink body.

16. The heat sink of claim 15, wherein the first curved
surface and the second curved surface emanate from a
common line.

17. The heat sink of claim 15, wherein the diverter
includes first and second side walls attached to the first
curved surface and the second curved surface.

18. The heat sink of claim 17, wherein the diverter
includes a third side wall connected to and generally per-
pendicular with the first and second side walls.
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